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(54) Title: HEPATITIS B VDIUS (HBV) ANTIGENIC POLYPEPTIDE-HEAT SHOCK PROTEIN COMPLEX AND 
USE THEREOF 

(57) Abstract: The present invention provides a kind of HBV-antigen bound to heat shock protein which comprises core 
antigen, surface antigen and polymerase antigen. The present invention also provides a complex of HBV antigen bound to heat 
shock protein gp96 and hsp78, as well as a method for preparing the complex. The complex includes a complex of gp96 and 
hsp78 non-covalently bound to antigenic polypeptide, as well as a fusion protein of the both which results from covalent 
binding. Such complex can be used to prepare therapeutic vaccine for treating hepatitis B and secondary hepatoma. 



(57) ttS 

RWJR£lH/tR. *ft«i£ttttTLff«<iltR4ftM9a gp96 ft hs P 78 
MXttft£tt. gp96 ft hs P 78 ^M^ttlft*ft1frtttt^ttM«. 

ttff*M*/fft8». 
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$#j£IcS(hsp) gp96 (glycoprotein 96) JiMft grp94 (glucose-regulated 
protein 94), M^*fflJ3&F<3MI**IJl± hsp90 ftg+tt/ftA* ^Tpft^I 96 KDa, £3B 

ffi. g P 96#T#W2>M^[x, C«Efc£ttgi£E, 5-25 -f&S®to£flfc 

#78. NlEIBtt-frATP, AWATPRjStt. > ^%93hsp78MftiR't , h8p70* 
^t«- 78kDa, ^Jltllfi^Ti^iitiiifl^SMgM. hs P 78 

^HF^*«-TF#fSI6^SWJ6f#*MSttS^. CT-+attEx NHEffATPlHStt, 
CttE££$ttfttt. 

3fi^3Kff^SaiWH , *ffl^ft*«ftttajfi+«-»ft«itt gp96 m hsp78 ^r 

fim gp96 $i hs P 78 tt££fHl&A;*£ti±fiMfc&. £*&3SftII£Bfc, 
ttJ&Sfi&ftfcT gp96 #^*fl hs P 78 »T Sf^»^ttM*^#3SE5e**. *SBt 

mmMttM+ti gp96 #™ h SP 78 #TM^wiT«M#iit££ 

tt . gp96 4^3fp hs P 78 ^7ffi^lt«MttliUifcJiaiifr^Sffi«Ufl«ttM < MHO 

JAM»4iJl» T aUfiCCTDflSW-ft^aflfiftaEfifit. *T gp96 # hs P 78 
£MttMijUitS'f'&£££fftB. Hi* gp96-£ttg£tl*n hs P 78-£ttg£tl 

&Hffl»*£W Pramod K. Srivastava £ g Ztmfti&A±&&] $ i*7 6 Jpj 
HH^?iJ <^*|^fc 6017544, 6017540, 6007821, 5837251, 5830464), i&a^jpj 

isrt#s«ffl»#jifia (hsp) 

^ttfi«*S^#rt^ hsp g£tt$ft. Xfifi*#^l6^ hsp 
^•KfiilRftftiltt>T-a. Hsp ±5-S*S- hsp70, hsp90 gp96 gfi. 

SiiBiE^ g P 96 m hs P 70 #Ttg&£&ttPjfcfc$ffiJgEIk R H-2K" Rft 
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M#$M;iA*I^#M£^ hsp it^MttS^tt. 

igfeit£t!±#3r 3.5 fcA#»Z.l!ffifefc*(HBV), Sffl^W 1.2 £, HBV * 

*fiMt&«. AZ.gjff&£^ffi|)U*feftffi. Z»JT**«^tt!R (HBcAg) £J3T 

*S rt ftffFfc M HfflgttftBtt»j»g ^ 62.5% |D 29.2%. CTL 51&jfl|gjj|fe g5&dt 

JB&+»I^SiH^ I |H MHC CTL 9|&*gjft&&&&, @buB^£ 

*AW-® HBV «^lfi±W QL HLA-A2 pgfrjtfj HBcAgl8-27, HLA-A11 

PS«M HBcAg88-96 «. @jfcW^Ki^^Z,ff?0Z J ffF^^ttffF^WMI5tl, # 

#£bjbs-^ a w*a«-»^ gP 96 w h SP 78 ^wzijff«#stjsfl<i«^4». 
jwtttr,jff*#ttiiwK^aftz,ff**tt'&5a±» 88 mm 94 musi^m 

gJ?W£l£ YVNTNMG, m^mn-, ZLJF7S«^g&±3l88M96ftltt&SS! 
JfW. KffWW* YVNTNMGLK, «£&£#Jf JlJ; Z,jffft*a^fifi±3| 141 2 151 

K^MrTK* STLPETTVVRR, Z.JFF*H*»'&5G± 

m is m 27 Mss^jm nmmim flpsdffpsv, $,%&%m\h zmn 
mmm&±m m m 321 m&mmfrw, xxmuik ipipsswaf, M%$t%m<u 
^mmmmm&±nmmmm^mmBn, gj^ra&wLSLLvppv, m% 
$.%m*u z,iFMjite*gfi±$i 575 m 583 &wi&m&frm, %i¥?mu% 

FLLSLGIHL, J££$JM^J. 

—&mm'£mm&: — ~" — 

gp96 ft hsp78 MJt^ttW^j*. 
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#ftfc**SUtf?«"HBV $»AffM^*^$MS£i gp96 ^m^i** 

7 fib &fct£K#flI##rfc "YVNTNMG, A YVNVNMG", ^gtfDM^fl 5 
JllftT HBV $;|>gS 88-94 & (HBcAg88-94), Al^*«ff3W#J§#^«ttW gp96 
g #*r*jfc gp96-7 ft 7 ftJg gP 96-7 ttft&tt&ft**. ^ffi 

JW**Rj*£1*5ttiBJWtt T ifflji (CTL), g P 96-7 l*«Mft&J£ttlfc4MBlfiBB 

m 200 «H±. $i&%%m gp96-7 tt*^W3F»**-tt»faz,aff«3(; 

IWUKMHI. .. ... ... 

OTAI-q/S 7 It "YVNTNMG, J>£ YVNVNMG" » N SS$3Sjfc&l*iStt 7 ft. £ 
gp96 5&-5£#*HSiBW 7 tt-#Sf^»&fit#». 

k, 

G+P GP, 

k, 

G ft* gp96 S3. P ft* 7 ft, GP ftH gp96 S&-7 k, , A> 

A= V^[GP]/[G][P] 

[gp], [Gi^M^'j^sjs^tiGPMtiG, pw&g. flisa^aaz^jR 

£*g£jS2#S&#T. gp96 Sfi-7 

*^Bj«^T-#»z.fFj»«mii 7 ft^^Ksa g P 96 tf}%.£®m 

0.1-0. 15 y mol/L fa gP 96 Sfifn$£# 2. 5-3. 5 P mol/L ftZiff 
JP5#tli;IS££W 5-10% (v/v) 100ramol/L fflft£tttt*it>, £ 30-39 

XJT&Jfi 10-30 #f+. 

— ^ft^:3r0 y mol/L— "r~~ .. r r." ~ - .„ . 

*m&um&z>R mmiK& 7 afcjj&ttfr.ga gD 96 agjfr.wgjaam^ 

g&. Al-frdWjfiz^«tt»*Wf W, S5ffl^4W*ffltt*Ss*iMsWi5 g P 96 
S@ 5' ^i£gJs£«ra«£«o 0U$q, 3IARfltt»OT:j& Bglll tt$ 7 
tttt8»#01J§ gp96 SB 5' iftft T4 5' # 3' «?!A 2 
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-frRftlttWJOttjfit BamHI ft Sad, &mm&W P ET30a 4>£«ff®+^i£, $ 

• fcj*** gp96 15 7 fo&im&m & . 

g P 96 §fi-7 ftg£J», ££±i£ g P 96 7 

5 tt^»wft39E*s«ffftft, », m&t&i*, Afcaat, mat^. gP 96 

ttJE^fttt^a^rWft, Win 0.01 nmol, 0.05 nmol, 0.10 nmol 5fP 0. 50 
'~iMbr.'S7Jttik#*fli^ftaEBj, nmol, 2 nmoK 20 nmol. 

gp96 gfi-7 jftg^-w 7 ttSMffl^^^pry^^fe^j, 

10 »5&^&Al-£/&7 9 Jft"YVNTNMGLK", gJ8Lt3£*£fiI&#£##£7a gp96 

Ms m&m, gp96 gfi-9 ftg£$&gtflJtTOfc, WlU 0. 01 nmol, 0. 05 nmol, 
0. 10 nmol m 0. 50 nmol. S 9 Jft**Skffl^ AaEHt. jM$JBl*RTK* 0. 2 nmol, 2 nmol, 
20 nmol. fcftBtTO^ttBftfcl, Wftft], tiftftft&ftlN M 

15 #L#. gp96-9 ftg&ttfl 9 Btffl^^i!^^I^^«^/J^ l l} ^c ^#^aJi6Stt T 

*au& (ctl). gP 96-9 sk^mmm\tmmm^ 300 ^y±„ 

^gl&^&Al^/iJcT 11 ft "STLPETTWRR", 10 Jft "FLPSDFFPSV"; 9 ft 
"IPIPSSWAF"; 9ft "WLSLLVPFV-, ft 9 It "FLLSLGIHL". 

20 gP 96 93-^ttJC^«. fifflfiM-ft^*nflaA«E^^aiaffj&!SE, « 

atsisK jfcrt&tt, ikjb&jw, gP 96 a^-^ftftjcMftftMiT^ft. » 

0.01 nmol, 0.05 nmol, 0.10 nmol $10.50 nmol. 

3f!l*TOA 0.2 nmol, 2 nmol, 20 nmol. iMfcBtTO^Wlftfcl. ftttt^'fiEW^ 

25 jRiift^a^^ttaiJifiStt t m (ctl). gp9^^fttt^4bjbftjittus4Mb'tt 

-~fflftS^ J50fcK±. £f&&££«J gp96-^|jtJ|jt3r^«|Rr5FS*»-ft»fSZ,S 

__Ji»Z£M^JKM^.ett«.. . 

_. _-_ #&&££ft±ifc£/iiM£ft£tt, "YVNTNMG", " YVNTNMGLK"; 

"STLPETTWRR"; "FLPSDFFPSV"; "IPIPSSWAF"; "WLSLLVPFV"; "FLLSLGIHL". 
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aaiSMrftft. M*n&T&&> &rt£Elt, Kje&JW, hs P 78 §e-£J»;X-£^& 

MliRryft, 09ft 0.01 nmol, 0.05 nmol, 0.10 nmol ft 0.50 nmol. 3 7 Jfcft 
^Slffi^&Sltf. ^JpjfinTUJl* 0.2 nmoK 2 nmol, 20 nmolo jfeftWflTK^ttffi 

^J^^ft^HlB^lSfeJWat^R^^^ttaMtt T ffflJS CCTL). hsp78-£Jfc 

m 1. W 7 Wgp96-7M^^^tBALB/cJ(H-2 d )7^?ltW##ttCTL 
fijffi. *##IJ» CTL Jtfft£&«g|llM & 
jS^^Mtefcb^-SiJji 4, 8. 12, 25, 50^1 100, ItiP^ 10 K'MHTO 

mm 

gmm i Mfffifttttft g P 96 

HBV iSUSWWJiaiRfli-t&^SJfeWE^a^lB^US'C?, ffl 50%-70% 
&(NH«) 2 S0 4 #i$j£, IR&mjsXR ConA Sepharose (Pharmacia ^fi^ftM 
ff, g^WSfiffi 10»«Ja-¥ P0R0S 20QE (PE BioCAD 

m&mmm mfm^Mm, >95%g&j£Wgp96gs. g p96 

gfiffl gP 96/grp94 (NeoMarkers &f|) Western 

SDS-PAGE> ^IftWSffiHPLCjKS. 

£»2 ^gp96 5&#tt$£ttg£tt£ft 

ftfMfcW gp96 gfcJqAHmZ,® (TFA) tt£g»fti£S 0.2%(pH & 2.0). 
#05ffl3g&tfe lOKDa, Pall Filtron #&£tt, tt£ft%£4tf 

jam4ALMzT0F.«j;£Ej&^ 
Da2.fi]. . _ 



«0>J3 &*gHPLC#ffr£flfc 
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£Jtt»£-4fcafiFJgaH : «f« A (0.065%TFA, 2*Z,J»), ±#T C18 &*g& 
(Sephasil peptide C18-, 5 nmSS; 4.6X250nm, Pharmacia^), >M M 65% 
MB (0.05%TFA, 100%ZJf) Ht$£M> lml/min, ffl 214nm$-fc&«. 

it«jT*ffl«siiEi!rffl« hplc ait, sa-^H^iHifflgy^rMjEWfi^+a^ 
t^mkmmmmftm 

MALDI-TOF Mif (PE Voyager-DB ^££*6&, 
Wmtt=t^L% 798 Da ^^ttillJf (Precise™ 491 gfiafftt. PE 

%&&&frm% "YVNTNMG, SK YVNVNMG", =#jff«fflglffa«|j*fl|--a. 
fti£#?tl£ PubMed W±Se»iS# ( http://www. ncbi. nlm. nih. gov ) gtft, 
ftft^ HBV ft^S 88-94 

«M5 gp96SS$lft 

%R%&®Xm IR^Kl RNA MiS^J^ (Catrimox-14™ RNA 

Isolation Kit Ver.2.11)^ 0.5mL £ 42°C 2 /MtMAil^ffl^MMS 

SIM rna, MSftftlftitttt. 

M^m-^^TO^SiS (RT-PCR) J£*A gp96 SB, ra^»XfI <* 
3£) WPI&^lftJ RT-PCR ^JfiJACTaKaRa RNA LA PCR™ Kit AMV Ver.1.1), 

9l4fel li 5' CCGGATCCGAACTTGATGTGGATGGTACA 3' 
9ltl2: 5' CCGAGCTCCCAAATGGTGAGAGTATAATTTAC 3' 

PCRfij24t#j!iPT: 94°C4^#j'; 94°C50#, 55°C50ftf>, 72°C 3 ftV?, & 30 
ffiEf; 72°C 5^. 

PCR 2. 4 Kd Witg, tf&W 5' ^fP 3' i»A*5IA-^»«Jfi^i BamHl 

"in Sad , «PTJ|f ^SWfi 1 « Jfl*7"gp§6~SE#gf 2343 bp,-**/* flM§:fctt»5 -(Maki , 
RG,_et_al._G.eneBank,_ jSft-f - : . 003299 ) — g[ . 



6 gP 96 g P 96 «H^z,iTJS«ia;ja^ fta«Wii«Jta^ja*F 
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ftaniJtafc BamHI 5 Sad MWJS&mm&mfa pET30a(+)IHfc;Wre 
BL21. l^fttAl£$T?iJ£tt>(t&M^J!53?!j: " YVNTNMG " ; " YVNTNMGLK "5 
"STLPETTWRR"; "FLPSDFFPSV"; " IPIPSSWAF"; "WLSLLVPFV"; "FLLSLGIHL"o 
±&fc«#fllM«5lAEtH$att8M Bglll, jf Aa-d-^T gP% ^Bft pET30a(+) 
+ . 

mm#}®ft£ ImM IPTG ®% 4 <Mtf Jg^«3jai, W 10% SDS-PAGE 
_ £&3£ISS!feffi*l£ii£&4L»$S _l.QDL.Kda, £Sifcflai*-a. 

* gp96 If S *P gP 96 ga4Z,Jff3S*Si;JSiJl|jkfi«ilHi^5effi Ni .SfnMtt 
(Pharmacia $?PJf#r# POROS 20QE (PE &W| BioCAD 1__EM#tI^) Sffl 
&?JItf.2-tt,, _U 10% SDS-PAGE %&fn«lM£i&g, ff Ifl;*^ 9SmfiW gp96 S 
SSgSteg H&ft gp96 If gp96 gfi-^^MSiiiJi^ttMii^g 

SJS g P 96/grp94 «H Jtft (NeoMarkers&W]) SMf Western »Jg. 

Al^/fc N ^jfejKfeiBW 7 ftfc "YVNTNMG, YVNVNMG" (gffiSJlW 

»_De&^£#>. ft g P 96 g&5$tt#*h&£, atfr KT— *3^Wft>Ulfllit*« 

fiJ^M^M: 55°C, 39°C, 37°C, 30°C, sE28°C 
&$#K__-Mt3$§_.: ffis&a?t* (20 mmol/L HEPES, pH7.9, 20> TOO BR 500 
mmol/L NaCl, 2 mmol/L MgCl 2 ) , BUMM (20 mmol/L HEPES, pH7.9, 0.5, 1.0, 
$ 2. 2 mol/L NaCl, 2 mraol/L MgCl 2 ) 

pH <t»: pH6. 0, pH7. 0, pH7. 9 ft pH9. 0 
&&#%Wil!affl5Btt,ffl: 10 mmol/L ADP, 10 mmol/L ATP, ft 10%(Y/V) #$4 
gp96 US*. 7 Jjfc*#fiiS»ftSS«ftHSJ(S, fij_t#iK 7 fl*»ft#SJa 0. 5, 
1.0, 1.5, 2.0, 2.5, 3.0, 3.5Mmol/L, &J_Z#^ gp96 g 0.06, 0.09, 
-0.J2-0: i5,-0.:i8,-0.21 nmol/L. »£fifi.&ft *. gp96-||-fi^#«-T^T+^. 

MiBltt 7 IHdllsJl 378nm AhWlRife^. ^^SSjg^^^* C^?*.®* lOKDa, 
Pall Filtron^) 7 Jft, g P 96 If £-7 Jftg^M^gB. 378nm £h£Kj 
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AX£$ 7 It "YVNTNMG, YVNVNMG" Cgft#W*^Ig^fI'&/a), }t 
SfcMfr^HS-S-fifitftJRi 20 mmol/L HEPES, pH7.9, 20 mmol/L NaCl, 2 mraol/L 
MgCl 2) 10%(VA)-H"», 3.0 jjmol/L 7 It, 0.12 junol/L gp96 £&, 37"C&j£ 15 # 
_<*._S&&.<4HHMI lOKDa, Pall Filtron *fifc*gteM£flk. i!i±##T 

«J£ g P 96 5 7 ttSMfSSWi^^j, SJtfH-fijffittTO** 5-10. 

9 gp96 g&-7 M^ttfrfJr 
^^FffittM gp96 Mfi-7 ttft&ttTftKfttttt (PBS) + 4°C, -20°C -70°C 
fillWiS, gl 10% SDS-PAGE 30 ^jg gp96 56ff*&flM*z:* 

^JftTftJgT 4°C 90 10% SDS-PAGE 

**»«»KX£ffiHPLCtfrJ|, £P$»<5%. 

114^ 12-16 JSttBALB/cJ<ht (H-2 d ) 

&£#^/8«n n B?^ ioo jd ft pbs +«UATa». &rt&&S&1R5 

nmoi tk&mm, 

g P 96 gfi-7 0. 1 nmolc 

g P 96 ga-7 tts^t/M^ft^^fe^j (fiax * 

.W$t&SEift»£&&$£tt, *ft&*J»*ft*tti»W^: - 

. BjfcMggS lfcfeBE. % 7 te*§^€M(90%PBS, 10%DMSO/0. 1% TFA), gp96-7 

ttit^Bi*? pbs 4>, swra^ i m 7 tt^-ai^ 0.2 

nmol,2 nmol %l 20 nmol, «^j$ftft»ftjS&»§|. gp96-7 fljfcg£4lrftft 
»#3>J;t 0. Olnmol, 0.05nmol, 0.10 nmol ft 0. 50nmol, MM^&T&M, M~ 
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<hR&BE 7 JM&K*R4fc«fcft 3X10 7 |$lfflM^W 10mM HEPES ft 
M> 5Xl(T < M5tSZ,B, #E£il*ni0% (V/V) FCS$#fc+, 
_ 7(4500. Bad). WRI.*-LES=3llll#W B_$LEffflfll.(3:_ 1XJP 1 jig/nl Jtfcfc^£##S«t> 
37'C$#.6 XJs&jmtoffl&ft 4 5I Cr Btt&IKAtraftJG. Kuhrober, A, 

et al. 1997. International Immunology, 9(8) : 1203-1212) ISII$ISti. 
ffifflti. IE»I 10ug/ml ft^f 30 WBJpATO&ftlftMm, & 

51 Cr #m«prW#lB 7 W g P 96-7 Ri*£ft#« 

Bfi*tt t mm, m g P 96-7 ttg^&fc&jsug-fc 7 m 200 f&&±, 0. 1 

nmol (ft lOug) W gp96-7 M^iPi^SWMWIMM, iffi# 
tttS£fEMM«£ 60%«±. gp96-7 ffikS^RUFS^-ft 

ff» HBViSJfefllHBVSSSWlffJS W^lflS*. 

mm 12. £•& gP 96- ^ flfeft^^w^iSESttais 
mmm&m, & 6 -r&mmsm <n "yvntnmglk" c» 

tt'&SfiMKfffll 88-96 ft); (2) »£cH£lfc "STLPETTWRR" (ft^fttogS 
141-151 ft); (3) frfrftjgi£lk "FLPSDFFPSV" #S'frSSflCKR 
Jf?U 18-27 ft), (4) «irCl££fl* "IPIPSSWAF" (ft^3l®gamSM#J!) 313- 
321); (5) *ffiiftj££fljt "WLSLLVPFV" (ftiF *mg&%MW*W 355-343); (6) 
"FLLSLGIHL" (ft^S^lISS 575-583). £S)AX£ 

Mettlfc gp96 -» 6 f+£ 

_ijUa gp96_^^sEteaA > _maij^^-&i£msjtK,_6j*te^ gP 96 

j&+K4l#.£5&U:, : .. . . 

5£fflsWJ io +jffi*to;arfcJB±fc 6 #ZLff^#iaJi^jft^ gp96 MWa^-ti, 

*n±& gp96 i§ 7 itz,jff^*KJs^ifcWBi!^ge^»j^hR. mmrnm n 
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*ffi&#ii3tit£8m& 6 wf&wm ctl )k 5icr ^-m^s^rnm. 6 # 
z^**^^ gP 96 ^AMx^mRnM^H^^^ttaimtt t m, 
6 6P 96 &m/i%GWfy&m&\&im&mi 150-300 #. 

£M gp96 ^^^«^^aBfi*tttJ^^ii|GaBfiWM« 6W-8S%£R|. 

y±*»ffi**w g P 96 ^z,iH%*ttjs^ik#^ffiaE^iaw*^«Rr3F«jaA 

.. -ftfrMia hbv HBV «MEilM&tfEtU *^»*#J|fR*»Mt3fi| 

wai^r^sawMM, gP 96 ^tt%z>mmmw,mmmmfc 
m, *sjf&&%-mmftm. ®&, 7 ftz>jmxsiM&ttZH, £ 
, 6ftfirz,ff*»ajg^tt^ gP 96 a-&ft»*aaEisr*fia«*»5i3ttfty«Bi 
ft. 

SfeJtW 13. &#£Hfi hsp70SB^H^^ji 

3R/B££«JIg (*5£) WH^tt RNA }IMfrJ& (Catliraox-14TM RNA 
Isolation Kit Ver2.ll) M 200mg MA)ff«&&4 , jB£5MRK&ilttJ& RNA, 

%Rj&#%-m&m&&&.& (RT-PCR) ERA hsp70 hsp78, 
OHM ^R&^W RT-PCR ttfljft. #«T$ft]«HJ. 

51 ft 1: GG GGATCC ATG AAG TTC ACT GTG GTG GCG GCG 
3 1 ft 2: GG GTCGAC CTA CTA CTC ATC TTT TTC TGA TGT 

PCR j*J&&#JqT» 94°C 4 jfflfi 94°C 50 #, 55°C 50 72°C 2 $H+, g 30 #5f ; 

_-7-2°e-5:^:^7r-r-- — - - - rzr-.—rrz:. 

pcr rm%m 2.okb %m $m \ 3'm&*>3\a-^m®®.& BamHi 

flSall, #r^Jtraffl#. hs P 78 SH^J965bp, jggJ^J-^lfci&ffi^ (Mech. 
Ageing Dev. 1998, 104(2) : 149-158) —gC. 

ttr«tffl& BamHI Jg Sail Mg&8ai*&«# PET30a (+) SHfcfcJBff & BL21, |Q 

10 
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ttAX&!&TW£Mlirt&W}&ffl$Mt "YVNTNMG"; "YVNTNMGLK"; "STLPETTVVRR"; 
"FLPSDFFPSV"; "IPIPSSWAF"; "WLSLLVPFV"; "FLLSLGIHL". #Q±Mffl&ft 
m\KWU>m®$L& Bglll, SAIO^W hsp78 g Eft pET30a(+) 
ftftJ*M£J#fi ImM IPTG 4 /jMtfJg«i£, W 10% SDS-PAGB ^fr^M^tM 
5 ^fe&M&rt^ fttt 80 kDa, ^S^<tS*-S. 

^SEii^WB ADP-Agarose H$]JI#T (Sigma) fP MonoQ (Pharmacia) BBK? /sflfgfcfli, 

. ._ # iQ%.s_Ds-PAGB_^»^M*M^fe (%»±m» 5 Mg ) nmtt 

95%£6£lfl§ S dl&ft HSP78 «&ltt£g fi^ hs P 70 #£ttffi#(Sigma)&4T Western 
££. 

10 

«M 14. hsp 78-£tt&K®tt«j£ 

& hs P 78 j§ 7 mmmmm^nt% mmmmm gP 96 
8), m^MM^mhspis ^ 7 mmm^m^m^n.. 
&mmuR&$nm gp96 10. m*ii ecru m^iwi gP 96<ja 
15 id c m 5icr mwL&mi&m& h SP 78-7 tta-^Tsrjwak/Miii^^^tttt 
mi* t mm, h SP 78-7 M^4toM^BEMttA4ii 7 m 150 # y±, wa 

«f 0.1nmol(« 10pg) iPlg^Sm^^SS^Mam&feSEfiJfit, MilMJ£$e*ffifl& 
W»« 50%l^±. £&&f!B hsp78-7 tt**OTff»J^-ft«ffltt HBV jSftft 
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M 1 & 

1. -ttZ.ffJ»#ft*^j(W»cSSfia gp96 §Khsp78 

3j YVNTNMG, YVNVNMG, YVNTNMGLK, STLPETTWRR, FLPSDFFPSV, IPIPSSWAF, WLSLLVPFV, 
FLLSLGIHL W§£M] ttWJf M • 

4. 1 J^ftZ.ITffi*tt£J3ftttAg& gp96 m hs P 78 M 
o. 1-0. 15 y mol/L ft g P 96 S^ffttA^ 2. 5-3. 5n mol/L 

WZ.JffffiJWAJRft'S'W 5-10»(v/v)t«ltt*it^*^ lOOmmol/L «&*fM+, 
2E 30-39*CT£& 10-30 3Ht. 

5. &JSft?iJS#4ffij$to;2r$fc, S)2ififi^37TC, filfiirtfil* 15 ^H#. 

6. &mLffl%#. 4 J9riBtt^rfe, ^4". gp96 hs P 78 0.12P 
mol/L. ZiJFMftfffttt&ft 3. 0 y mol/L, 

7. $tfiJM# 1 M^^^ffF^$mJI^»35;gS EP96 s£ hsp78 ftg£#£$!l 
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HEPATITIS B VIRUS (HBV) ANTIGENIC POLYPEPTIDE 
- HEAT SHOCK COMPLEX AND USE THEREOF 

Area of Technology 

This invention relates to complexes of Hepatitis B Virus and heat shock proteins gp86 and 
hsp78 and their application. 

Background of Technology 

The gp96 (glycoprotein 96), also known as grp94 (glucose-regulated protein 94), of which 
the molecular weight is approximately 96 kDa, is a heat shock protein (hsp), and as a 
member of the hsp90 family found on endoplasmic reticulum membrane, plays a major 
role in the folding and translocation of cell proteins. In recent years, studies show that it is 
also found on the surface of certain cancer cells. A gp96 molecule has two conserved areas, 
namely a C-terminal end area for binding a polypeptide sequence containing 5 to 25 amino 
acids, and an N-terminal end area for binding ATP, which is an area of ATP activity. The 
hsp78, of which the molecular weight is approximately 78kDaa, is a heat shock protein, 
and as a member of the hsp70 family found in cytoplasm, plays a critical role in the folding 
and translocation of cell proteins. As a molecular chaperone, hsp78 is able to combine with 
various short peptides in cells, and has two functional areas: an N-terminal end area of ATP 
enzyme activity and a C-terminal end area for binding polypeptide substrates. 

In recent years, studies indicate that, when used to immunize animals, gp96 and hsp78 
molecules separated and purified from tumor tissues or cells infected with a virus will 
cause organismic immunological rejection that is distinctive to such tumor or virus. Further 
studies reveal that gp96 and hsp78 are able to combine with all peptide libraries generated 
in cells, including antigenic polypeptide, and such distinctive immune response depends on 
the polypeptide generated by binding gp96 molecules with hsp78 molecules, not the heat 
shock protein itself, where gp96 molecules and hsp78 molecules from tumor or cells 
infected with a virus are usually bound with polypeptide distinctive to such tumor or virus, 
and the gp96 molecules and hsp78 molecules may present the antigenic peptide that they 
carry to majorhislocompatibility complex (MHC) antigen molecules, thus triggering 
cellular immune response from organism by activating cytotoxic T lymphocyte (CTL). 
Since gp96 polypeptide complexes and hsp78 polypeptide complexes play a critical role in 
presenting cell-antigens, gp96 polypeptide complexes and hsp78 polypeptide complexes 
may be used to prevent and treat autologous tumors and some infectious diseases. 

Based on his own work, Pramod K. Srivastava of New York University applied for and 
obtained six US Patents (Patent No. 6017544, 6017540, 6007821, 5837251, 5830464), 
which mainly relate to the application of complexes formed by heat shock proteins (hsp) 



and non-covalently bound antigen molecules to treat primary tumors and tumors with 
metastasis by stimulating immune response from the organism, where antigen molecules 
include both in vivo peptides bound with hsp and in vitro antigens or immunogenic 
segments that can combine with hsp to form complexes on an in vitro basis. Here, hsp 
mainly includes hsp70, hsp90 and gp96 proteins. 

It has been proven that gp96 molecules and hsp80 molecules can combine with antigenic 
peptides such as peptides in the antigenic sites of vesicular stomatitis virus, epitope 
peptides of mice H-2K b -restricted ovalbumin and Leukemia CTL epitope peptide. 
HoweverTthere has been hb "report edcase of hsp : carryihg antigenic polypeptides separated 
and recognized from the tissue of a patient infected with the virus. 



It is estimated that three hundred and fifty million people in the world are infected with the 
hepatitis B virus (HBV), and one hundred and twenty million of them are in China. As it is 
the primary cause for chronic hepatitis, cirrhosis and liver cancer, HBV poses a serious 
threat to the health of the Chinese people. The probability of secondary liver cancer 
associated with Hepatitis B remains high, and there is a 62.5% chance of having a positive 
Hepatitis B Core Antigen (HBcAg) test result in the liver cancer zone and a 29.2% chance 
of having such a result in the peripheral tissues. The cellular immune response triggered by 
CTL is the primary way for the organism to clear the virus and cure hepatitis B. In the body 
of a hepatitis B patient, the HBV antigen polypeptide, after being processed in liver cells, is 
"transmitted to I : fype"MHC~mblecules to activate distinctive CTL, thus triggering a cellular 
immune response. Currently, some epitopes have been identified in the HBV core protein, 
including HLA-A2 restricted HBcAgl8-27, and HLA-restricted HBcAg88-96. Therefore, 
it is of critical importance to develop novel drugs for preventing and treating hepatitis B 
and secondary liver cancer associated with hepatitis B, especially drugs that can actively 
stimulate the CTL immune response from the organism. 

Invention Publication 

One objective of the present invention is to provide a kind of complex formed by 
combining hepatitis B virus antigen with gp96 and hsp78. Here, the hepatitis B virus 
antigen may be one of the following: the 88-94 amino acid sequence of the HBV core 
protein, whose sequence can be YVNTNMG or one of its variants; the 88-96 amino acid 
sequence of the HBV core protein, whose sequence can be YVNTNMGLK or one of its 
variants; the 141-151 acid amino sequence of the HBV core protein, whose sequence can 
be STLPETTVVRR or one of its variants; the 18-27 amino acid sequence of the HBV core 
protein, whose sequence can be FLPSDFFPSV or one of its variants; the 313-321 amino 
acid sequence of the HBV surface protein, which can be IPIPSSWAF or one of its variants; 
the 355-363 amino acid sequence, which can be WLSLLVPFV or one of its variants; the 
575-583 amino acid sequence of the HBV polymerase protein, whose sequence can be 
FLLSLGIHL or one of its variants. 

A variant sequence shall mean a sequence obtained by substitution, removal, addition or 
side chain modification of one or more amino acids of the HBV antigen, while a sequence 
with the said HBV antigenicity is preserved. 

The complexes involved in the present invention include those formed by combining heat 
shock proteins with polypeptide through non-covalent bonds, and by combining heat shock 
proteins with polypeptide through covalent bonds. 

Another objective of the present invention is to provide a method for preparing such 
complexes of HBV antigenic polypeptides and heat shock proteins gp96 and hsp78 as 
those specified in the invention. 



One more objective of the present invention is to enable the application of these complexes 
to the preparation of drugs for treating hepatitis B and secondary liver cancer associated 
with hepatitis B. 



From six samples of human liver cancer tissues infected with HBV, this laboratory, for the 
first time ever, separated a distinctive 7 peptide out of the polypeptide bound with heat 
shock protein gp96. The amino acid sequence was analyzed and determined to be 
YVNTNMG or YVNVNMG, which was found in the study to fit the 88-94 sequence of 
HBV core protein (HBcAg88-94). Such a sequence has been artificially synthesized and 
assembled with the in vitro expressed gp96 protein to form the gp96-7 peptide complex. 
When the 7 peptide and gp96^7 complex were applied to immunize the mice, distinctive 
cytotoxic T lymphocytes (CTL) were stimulated in the body of the mice, and the 
immunogenicity of gp96-7 peptide is over 200 times more than the case when only peptide 
' is applied: Experimental results show that gp96-7 peptide complex has the potential to be 
developed into a new type of therapeutic drug for treating hepatitis B and the associated 
secondary liver cancer. 

The artificially synthesized 7 peptide YVNTNMG or YWVNMG and the 7 peptide with 
flourescein marker at the N-terminus end have been used to establish an in vitro reaction 
system combining gp96 proteins and flourescein-marked 7 peptide. Below is the reaction 
equation: 

K } 

G + P GP 

K 2 

where. G is for gp96 protein; P is for 7 peptide; GP is for the gp96 protein-7 peptide 
complex; and Kj and K2 are velocity constants for positive and reverse reactions. The 
equilibrium constant K for this combination reaction can be obtained from the following 
relationship: 

K=K1/K2=[G?]/[G][?] 
where [GP], [G] and [P] are concentrations of the resultant GP, and substrates G and P. For 
this combination reaction, an optimal reaction system is constructed by determining factors 
such as the optimal temperature, salt concentration, pH, additives and catalysts, and the 
optimal reaction concentration ratio of gp96 protein and 7 peptide, and by measuring the 
reaction constants. 

The gp96-7 peptide complex is then synthesized in vitro under optimal reaction system 

conditions., m . 

Jn_addition,_the present invention provides a method for preparing the complex of HBV 
antigenic 7 peptide and heat shock protein gp96, including the reaction of 0.1-0.15 /xmol /L 
of gp96 protein with 2.5-3.5 ptmol fL of HBV antigen at 30-39°C for 30-39 minutes in a low 
salt buffer solution which contains 5-10% glycerin and whose concentration is no more 
than 1 00 mmol/L. 



According to the present method, the -suggested reaction -temperature is 37 °C and the 
suggested reaction time is 15 minutes. 

According to the present method, the suggested concentration of the gp96 protein is 0.12 
/xmol/L, and the suggested concentration of the HVB antigen is 3.0 /zmol/L. 

Additionally, the present invention provides fusion protein formed by covalently binding 
HBV antigenic 7 peptide and heat shock protein gp96. The nucleic acid sequence 
corresponding to such peptide is artificially synthesized and then linked to the 5 1 end of the 
DNA encoding gp96 using common methods in molecular biology for fusion expression in 
colibacillus. For example, -generating a Bglll end to link the nucleic acid sequence of such 
7 peptide to the 5' end of gp96 with T4 ligase, and introducing BamHI and Sad to the 5' 
end and 3' end of the resulting construct, which is then cloned into the expression vector 
pET30a for expression in colibacillus, results in expression of a fusion protein of gp69 and 
7 peptide. 



The gp96-7 peptide complex in the present invention, including said complex formed by 
non-covalently binding gp96 with 7 peptide, and said fusion protein formed by covalently 
binding gp69 with 7 peptide, may be used in immunization through any publicly known 
immunization methods, such as subcutaneous injection, intradermal injection or abdominal 
cavity injection. The immunizing dose of gp96-7 peptide complex may be 0.01 nmol, 0.05 
nmol, 0.10 nmol or 0.50 nmol. When 7 peptide is used independently in immunization, the 
immunizing dose may be 0.2 nmol, 2 nmol or 20 nmol. 

When gp96-7 peptide complex and 7 peptide are used in immunization, adjuvant is not 
necessary, or any publicly known adjuvant can be used, such as Freund's adjuvant or 
chromalum. 

This laboratory artificially synthesized the 9 peptide "YVTSfTNMGLK", and further 
synthesized in vitro gp96-9 peptide complex under said optimal reaction system conditions, 
which can be used in immunization through any publicly known immunization methods, 
such as subcutaneous injection, intradermal injection and abdominal cavity injection. The 
immunizing dose of gp96-9 peptide complex may be 0.01 nmol, 0.05 nmol, 0.10 nmol or 
0.50 nmol. When 7 peptide is used independently in immunization, the immunizing dose 
may be 0.2 nmol, 2 nmol or 20 nmol. An adjuvant is not necessary in immunization, or any 
publicly known adjuvant can be used, such as Freund f s adjuvant or chromalum. Both 
gp96-9 peptide complex and 9 peptide stimulate distinctive cytotoxic T lymphocytes (CTL) 
in mice. The immunogenicity of gp96-9 peptide is over 300 times more than when peptide 
is applied independently. Experimental results show that the gp96-9 peptide complex has 
the potential to be developed into a new type of therapeutic drug for treating hepatitis B and 
the associated secondary liver cancer. 

This laboratory artificially synthesized the 11 peptide "STLPETTVVRR"; 10 peptide 
"FLPSDFFPSV"; 9 peptide "DPIPSSWAF"; 9 peptide "WLSLLVPFV"; and 9 peptide 
"FLLSLGIHL". The gp96-polypeptide complex was further synthesized in vitro under said 
optimal reaction system conditions, which can then be used in immunization through any 
publicly known immunization methods, such as subcutaneous injection, intradermal 
injection and abdominal cavity injection. The immunizing dose of gp96-polypeptide 
complex may be 0.01 nmol, 0.05 nmol, 0.10 nmol or 0.50 nmol. When polypeptide is used 
independently in immunization, the immunizing dose may be 0.2 nmol, 2 nmol or 20 nmol. 
An adjuvant is not necessary in immunization, or any publicly known adjuvant can be used, 
such as Freund's adjuvant or chromalum. Both the gp96-polypeptide complex and 

-polypeptide— stimulate -distinctive- cytotoxic-^T lymphocytes (CTL) in mice. The 

immunogenicity of gp96-polypeptide is over 1 50 times more than when peptide is applied 
independently. Experimental results show that gp96-polypeptide complex has the potential 
to be developed into a new type of therapeutic drug for treating hepatitis B and the 
associated secondary liver cancer. 



This laboratory also used the said polypeptides, such as "YVNTNMG", "YVNTMGLK", 
"STLPETTVVRR", "FLPSDFFPSVV- "IPIPSSWAF", "WLSLLVPFV" and 
"FLLSLGEHL" to synthesize hsp78-polypeptide complexes in vitro under the said optimal 
reaction system conditions, which can then be used in immunization through any publicly 
known immunization methods, such as subcutaneous injection, intradermal injection and 
abdominal cavity injection. The immunizing dose of hsp78-polypeptide complex may be 
0.01 nmol, 0.05 nmol, 0. 1 0 nmol or 0.50 nmol. When polypeptide is used independently in 
immunization, the immunizing dose may be 0.2 nmol, 2 nmol or 20 nmol. An adjuvant is 
not necessary in immunization, _or any publicly known adjuvant can be used, such as 
FfeundV adjuvant and chromalum. Both the hsp78 -polypeptide complex and polypeptide 
stimulate distinctive cytotoxic T lymphocyte (CTL) in mice. The immunogenicity of 
hsp78-polypeptide is over 150 times more than when peptide is applied independently. 
Experimental results show that hsp78-polypeptide complex has the potential to be 
developed into a new type of therapeutic drug for treating hepatitis B and the associated 
secondary liver cancer. 

Brief Description of Illustrations 

Figure 1 shows the distinctive CTL response triggered 7 days after immunizing mice 
BALB/Cj (H-2 d ) with 7 peptide and gp96-7 peptide complex. The cleavage percentage of 
effector cells relative to target cells is measured for 4 hours using standard 51 Cr. The ratio 
of effector cells to target cells is 4, 8, 12, 25, 50 and 100, respectively, and the cleavage 
percentage indicated is the average for 10 mice. 

Examples: 

Example 1 Purification of gp96 protein from liver tissue 

Three pieces of tumor tissue infected with HBV and one piece of non-infected normal 
tissue were made into a homogenate. The homogenate was centrifuged and the sediment 
was dissolved with 50%-80% (NH 4 )2S0 4 . Then an affinity chromatography was performed 
on the dissolved sediment with ConA Sepharose (made by Pharmacia). A 10% cx-methyl 
glucoside was used to elute the combined protein, and then an anionic chromatography was 
performed on the eluate with POROS 20QE (PE's BioCAD perfusion chromatography 
system). This three-step process resulted in gp96 protein that was more than 95% pure. The 
gp96/grp94 monoclonal antibody (NeoMarkers) was used to perform a Western test to 
validate the identity of gp96 protein. The purity was measured using SDS-PAGE, silver 
staining and reversed phase HPLC. 

Example 2 Release of non-covalently bound polypeptide from gp96 protein 



The purified gp% protein was added into trifuoroacetic acid (TFA) to prepare a 0.2% 
solution (with a pH of about 2.0), and then an ultra filtration was performed to separate 
polypeptides (Molecular Weight Cut Off: lOkDa, by Pall Filtron). MALDI-TOF mass 
spectrometry was then applied (using PE f s Voyager-DE system) to separate the mixed 
peptides. It was found that the molecular weight of most of such polypeptides fell between 
600-1 100 kDa. 

Example 3 Analysis of polypeptides using reversed phase HPLC 



A lyophilized polypeptide mixture was dissolved in solution A (0.065% TFA, 2% ethanol), 
_and then this sample was loaded on a CI 8 reversed-phase column (Sephasil peptide CI 8; 5 
nm Particle Size; 4.6 X 250nm, by Pharmacia) for 0% to 65% gradient elution with solution 
B (0.05%TFA, 100% acetonitrile), at the flow rate of Iml/min. Recorded at wavelength 
214nm. By comparing the HPLC chromatogram of liver cancer tissue and normal tissue, a 
peptide peak was detected for all three pieces of liver cancer tissue, while it was not 
detected for the normal tissue. - 

Example 4 Micro-sequencing and sequence analysis of polypeptides 



The specific peptide peak was collected and MALDI-TOF mass spectrometry (PE's 
Voyager-DE system) was used to determine its purity, where only one single peak 
associated with molecular weight of 798 Da was detected. Micro sequencing was 
performed on the peptide (using Procise™ 491 Protein Sequencer made by PE) and the 
amino acid sequence was found to be "YVNTNMG" or "YVNVNMG". The same 
sequence was obtained for all three pieces of liver cancer tissue. A query performed in the 
PubMed online protein database ( http://www.ncbi.nlm.nih.gov ) found that the sequence 
was located at 88-94 segment of HBV core protein. 

Example 5 Gene cloning of gp96 

The RNA isolation kit (Catnmox-14™ RNA Isolation Kit Ver. 2.11) manufactured by 
TaKaRa Biotechnology (Dalian) Co., Ltd. was used to isolate the total RNA through the 
guanidinium isothiocyanate method in 0.5 ml of human blood that was heat-activated at 42 
°C for 2 hours. Instructions provided with the isolation kit were followed in the process. 

Reverse transcriptase-polymerase chain reaction (RT-PCR) was then employed to clone 
human gp96 genes. The RT-PCR Kit (TaKaRa RNA LA PCR™ Kit AMV Ver. 1.1) 
manufactured by TaKaRa Biotechnology (Dalian) Co., Ltd. was used and instructions 
provided with the isolation kit were followed in the process. The following primers were 
used: 

Primer 1: 5' CCGGATCCGAACTTGATGTGGATGGTACA 3' 
Primer 2: 5' CCGAGCTCCCAAATGGTGAGAGTATAATTTAC 3" 

PCR reaction conditions: 1 minutes at 94°C;.50 seconds at 94°C, 50 .seconds at 55°C, 3 
.minutes at 72 °C, for 30 cycles; 5 minutes at 72 °C. 



The PCR product was a fragment that has about 2.4 Kd. Sequencing was performed on the 
fragment, which was amplified by artificially introducing two enzyme cutting site BamHI 
and Sad to the 5' end and the 3' end. It was found that gp96 gene contains 2343 bp, and the 
base sequencing was consistent with reported results (Maki, RG, et al. GeneBank, No: 



003299). 



Example 6 Expression of gp96 gene and the fragment formed by linking gp96 gene to 
HBV antigen polypeptide nucleic acid in colibacillus and the purification of proteins 



The amplified fragment, after restriction using BamHl and Sac] enzymes, was linked to the 
. expression -vector pRT30a(+) and transformed into colibacillus BL21. At the same time, 
nucleic acid sequences associated with the following peptides were artificially synthesized: 
"YVNTNMG"; "YVNTNMGLK"; "STLPETTVVRR"; "FLPSDFFPSV"; "DPIPSSWAF"; 
"WLSLLVPFV"; "FLLSLGIHL". In addition, BgUI restriction-generating sites were 
introduced to the two ends of each of the said nucleic acid sequence , and the sequence was 
theninserted into pRT30a (+) containing the gp96 gene. 

Product was expressed after inducing the vector thus constructed with ImM IPTG for 4 
hours. The 10% SDS-PAGE electrophoresis method and eCoomassie brilliant blue 
staining were used to measure the molecular weight of the expression product, and the 
result was about 100 kDa, which was basically consistent with theoretical value. 

Affinity chromatography with Ni affinity chromatography column (by Pharmacia) was 
performed on the gp96 protein, the fusion protein formed by the gp96 protein, and the 
HBV antigen polypeptide. These were purified by anionic chromatography using POROS 
20QE (PE's BioCAD perfusion chromatography system). The purity was measured using 
10% SDS-PAGE electrophoresis and silver staining. The purity of the gp96 protein and its 
fusion protein was more than 95%. Western analysis was then performed on the expressed 
gp96 protein, the fusion protein of gp96 protein, and the HBV antigen polypeptide with 
gp96/grp94 monoclonal antibody (by NecMarkers). Example 7 Experiment for 
determining the optimal conditions for the in vitro assembly of gp96 and artificially 
synthesized polypeptide 

The 7 peptide "YVNTNMG" or "YVNVNMG" with a fluorescein-marked N-terminus was 
artificially synthesized (by Sai Bai Sheng Biotechnology Co., Ltd. on a subcontracting 
basis). The gp96 protein and polypeptide were then assembled in vitro, and a series of 
experiments were carried out on them to determine the optimal reaction conditions: 

Reaction system temperatures tested: 55°C, 39°C, 37°C, 30°C or 28°C 

Reaction system salt concentrations tested: low salt buffer solution (20 mmol/L HEPES, 
pH 7.9, 20, 100 or 500 mmol/L NaCl, 2mmol/L MgCl 2 ), high salt buffer solution (20 
mmol/L HEPES, pH 7.9, 0.5, 1 .0 or 2.2 mmol/L NaCl, 2 mmol/L MgCl 2 ) 

Reaction system pH values tested: pH6.0, pH7.0, pH7.9 and pH9.0 

Additives and catalysts for the reaction system tested: 10 mmol/L ADP, 10 mmol/L ATP 
and 10% (V/V) glycerine 

The optimal reaction concentrations and the concentration ratio for the gp96 protein and 



the / peptide: for the 7 peptide in the reaction system, the concentrations tested were 0.5, 
1.0, 1.5, 2.0, 2.5, 3.0, and 3.5 /x mol/L; for the gp96 protein in the reaction system, the 
concentrations tested were 0.06, 0.09, 0.12, 0.15, 0.18, and 0.21 /i mol/L. The reaction 
constant K was then determined. The volume of the gp96 protein contained was calculated 
using the following formula: c=l .45A28o-0.74A26o> where c was the protein concentration, 
A 2 go and A 2 6o were light absorptions at wavelengths 280nm and 260nm. The volume of the 
fluorescein-marked 7 peptide contained was measured using the absorption at 378nm. 
After the reaction, ultra filtration (Molecular Weight Cut Off: lOkDa, by Pall Filtron) was 
carried out to remove unconjugated 7 peptide. The volume of gp96-7 peptide complex 
contained was measured using absorption at 378 nm. 



Example 8 The construction of an optimal reaction system for in vitro assembly of gp9b 
and artificially synthesized polypeptide 

Multi-component variance analysis was employed to optimize the reaction conditions and 
determine the optimal reaction conditions. 

Through artificial synthesis of the 7 peptide "YVNTNMG" or "YVNVNMG" (synthesized 
by Sai Bai Sheng Biotechnology Co., Ltd. on a subcontracting basis), an optimal reaction 
system for in vitro synthesis was established: 20 mmol/L HEPES, pH7.9, 20 mmol/L NaCl, 
2mfri6l/L"MgCl2; 10% (V/V) glycerine, 3.0/1 mol/L 7 peptide, 0.12 /z mol/L gp96 protein, 
15 minutes at 37°C, with removal of unconjugated polypeptide through ultra filtration 
(Molecular Weight Cut Off: lOkDa, Pall Filtron). High in vitro affinity between the gp96 
and 7 peptide was proved by analysis and measurement. The equilibrium constant K of this 
reaction was around 5-10. 

Example 9 Stability analysis of the gp96 protein-7 peptide complex 

The gp96 protein-7 peptide complex was not stable when stored in phosphate buffered 
saline solution (PBS) at 4°C, -20°C and -70°C. It was found that the gp96 protein began to 
form dimers or polymers after 30 days of storage, as shown by 10% SDS-PAGE 
electrophoresis and silver staining tests. The complex was stable when lyophilized and 
stored at 4°C. After 90 days of storage, the degradation percentage was less than 5%, as 
shown by 10% SDS-PAGE electrophoresis, silver staining tests and reversed-phase HPLC. 

Example 10 Immunization of Mice 

An experiment was carried out on BALB/c mice (H-2 d ) aged 12-16 weeks. 

Immunization was carried out through nape subcutaneous injection of sample dissolved in 
100 ill PBS. Intradermal injection was not employed because it was not an easy process, 
although it would have required a smaller immunizing dose. Abdominal cavity injection 
was not employed because it would have required a larger immunizing dose of 0.5 nmol to 
be effective. 

The optima] immunizing dose for the gp96 protein-7 peptide complex was 0.1 nmol. 



Timing of immunization: when a second immunization was given one week after the first 
one, the immunization effect was greater than a single immunization. 

In immunizing adjuvant tests, it was found that the use of Freund's Incomplete Adjuvant 
(FIA), Freund's Complete Adjuvant or chromalum with the gp96-7 peptide complex did 



not result in a gam in immunization; instead, it resulted in a lower immunogenicity. A 
possible reason was that adjuvant might be destructive to the gp96 protein-7 peptide 
complex. With 7 peptide, the use of Freund's adjuvant or chromalum resulted in a 
significant gain in immunological activity, and Freund's adjuvant was more effective than 
chromalum. 

Therefore, subcutaneous injection was used in immunization. 7 peptide was dissolved in 
buffer solution (90% PBS, 10% DMSO/0.1% TFA), and gp96-7 peptide complex was 
dissolved in PBS. Thejjolution was agitated vigorously for 1 minute before administration. 
For e'ach mouse, the immunizing dose of the 7 peptide was 0.2 nmol, 2 nmol and 20 nmol. 
Emulsify the peptide with Freund's adjuvant before administering it to the mice. The 
immunizing dose of gp96-7 peptide complex was 0.01 nmol, 0.05 nmol and 0.50 nmol, and 
nape subcutaneous injection was used to immunize. This was followed up with a second 
injection one week after the first one. Cytotoxicity analysis was carried out 7 days later. 
For each injection, ten mice were used. 



Example 1 1 Cytotoxicity (CTL) Analysis 



Seven days after the immunization of the mice, about 3x1 0 7 spleen cells were collected 

from each mouse, and a suspension of such cells was made in a culture media containing 

1 OmM HEPES buffer solution, 5xl0" 6 mercaptoethanol, antibiotics and 10% (V/V) FCS. 

The suspension was placed in complete culture medium for culture at 37°C. The same 
culture flask also contained radiated homologous LPS-simulated B lymphocytes (3:1) and 
l~/i"g/ml of peptide. Six days later, spleen cells'were collected for a four-hour standard 51 Cr 
release experiment (for details, see Kuhrober, A, et al. 1997. International Immunology, 
9(8): 1203-121 2) to measure cytotoxic activity. In short, the target cells were sensitized 
with 10 /ig/ml of peptide at 37°C for 30 minutes, then various quantities of effector cells 
were added. The reaction system was 100 fi\ of complete culture medium. After 4 hours of 
culture at 37°C, supernatant was collected to measure specific cleavage percentage. 

The 51 Cr release experiment showed that both the 7 peptide and the gp96-7 peptide 
complex stimulated the mice to generate specific cytotoxic T lymphocyte, but the 
immunogenicity of the gp96-7 peptide complex was over 200 times greater than that of the 
7 peptide. The use of 0. 1 nmol (about 1 0 fig) of the gp96-7 peptide complex to immunize a 
mouse induced strong cellular immune response from the organism, and the measurement 
of cytotoxicity indicated more than 60% cleavage of the complex in target cells. The 
experiment showed that the gp96-7 peptide complex was a potential candidate for new 
drugs for treating HBV infection and HBV-infected liver cancer. 

Example 12 Measurement of immunological activity of other gp96-polypeptide 
complexes 

In addition to the 7 peptides described above, we combined in vitro six other HBV antigen 
polypeptides with gp96 and measured the immunological activity of complexes obtained. 
The six antigen polypeptides were: (1) core antigen polypeptide "YVNTNMGLK" (the 
88-96 fragment of the core protein nucleic acid sequence); (2) core antigen polypeptide 
"STLPETTVVRR" (the 141-151 fragment of the core protein nucleic acid sequence); core 
antigen polypeptide "FLPSDFFPSV" (the 18-27 fragment of the core protein nucleic acid 
sequence);. (4) surface antigen polypeptide "IPIPSSWAF" (the 313-321 fragment of the 
surface protein nucleic acid sequence); (5) surface antigen polypeptide "WLSLLVPFV" 
_ __ _(the_3.55- 3 43 -fragment of_the_surface-protein nucleic acid sequence); and-(6) polymerase 
antigen polypeptide "FLLSLGIHL" (the 575-583 fragment of the polymerase protein 
nucleic acid sequence). These 6 polypeptides were artificially synthesized and each of 
them was combined in vitro with gp96, respectively, under the optimal reaction system in 
Example 8. All six resultant polypeptides showed a high affinity to gp96. For each of the 



six polypeptides, the equilibrium constant K was measured, and results showed that all 
such Ks were greater than 5. . 

The said six HBV antigen polypeptide-gp96 complexes and the fusion proteins formed 
between gp96 and each of the said seven kinds of HBV antigen polypeptides were used to 
immunize mice in the method described in Example 10. The method described in Example 
11 was used to perform CTL analysis on the said six- complexes, respectively. The 51 Cr 
release experiment showed that all of the six HBV antigen polypeptide-gp96 complexes 
can stimulate the mice to generate specific cytotoxic T lymphocytes, and the 
immuriogenicity of the~six~polypeptide-gp96 complexes was 150-300 times more than 
when a polypeptide was administered independently. The use of 0.1 nmol (about 10 jxg) to 
immunize a mouse induced a strong cellular immune response from the organism, and the 
measurement of cytotoxicity of the six polypeptide-gp96 complexes indicated 60%-85% 
cleavage of the complex in target cells. 



The results of the above experiment showed that the complexes formed by in vitro 
combination of the gp96 with the HBV antigen polypeptides were potential candidates for 
a new drug for the treatment of HBV infection and HBV-infected liver cancer. Due to 
limitation on the ability to carry out experiments, it was impossible for this invention 
patent to perform in vitro combination and measure the immunological activity of every 
HBV antigen polypeptide. Alternatively, we chose to focus our study on seven 
representative HBV core antigens, surface antigens and polymerases, combined them in 
vitro with gp96 and measured their immunological activity. Many experiments showed 
that all complexes formed between gp96 and these HBV antigen polypeptides stimulated 
strong~immuri€Frespon se from mi ce,~and gp9"6 may serve as an excellent new adjuvant for 
HBV antigen polypeptides, and was a potential candidate for a novel therapeutic vaccine. 
Therefore, the combination of any HBV antigen polypeptide other than the above said 
seven HBV antigen polypeptides with gp96 should be covered as novel vaccines under this 
invention. 

Example 13 Gene cloning and expression of heat shock protein hsp78 

The RNA isolation kit (Catrimox-14™ RNA Isolation Kit Ver. 2.11) manufactured by 
TaKaRa Biotechnology (Dalian) Co., Ltd. was used to isolate the total RNA from 200 mg 
of human liver cancer tissue using the guanidinium isothiocyanate method. Instructions 
provided with the isolation kit were followed in the process. 

Reverse transcriptase-polymerase chain reaction (RT-PCR) was then employed to clone 
hsp78, a member of the human hsp70 family. The RT-PCR Kit manufactured by TaKaRa 
Biotechnology (Dalian) Co., Ltd. was used and instructions provided with the isolation kit 
were followed in the process. 

The following primers were used: 

Primer 1: GG GGATCC ATG AAG TTC ACT GTG GTG GCG GCG 
Primer 2: GG GTCGAC CTA CTA CTC ATC TTT TTC TGA TGT 

PCR conditions: 4 minutes at 94°C; 50 seconds at 94°C, 50 seconds at 55°C, 2 minutes at 
72°C, for 30 cycles; 5 minutes at 72°C. 

The PCR product was a fragment that has a length of about 2.0 kb. Sequencing was 
performed on the fragment amplified by artificially introducing two restriction enzyme 

sites,-for BamHI and SacII, to-the^S* end and the 3' end. It was found that- the hsp78 gene 

contained 1965 bp, and the base sequencing was consistent with reported results (Mech. 
Ageing Dev. 1998, 104 (2): 149-158). 

The amplified fragment, after restriction using BamHI and SacIT enzymes, was linked to 



the expression vector PET30a(+) and transformed to colibacillus BL21. At the same time, 
nucleic acid sequences associated with the following peptides were artificially synthesized: 
"YVNTNMG"; "YVNTNMGLK"; "STLPETTVVRR"; "FLPSDFFPSV"; "IPIPSSWAF"; 
"WLSLLVPFV"; "FLLSLGEHL". In addition, a Bglll restrictionsite was introduced to the 
two ends of each of the said nucleic acid sequences, and the sequence was then inserted 
into the vector pET30a (+) containing gp78. 



Expression occurs after inducing the vector with ImM 1PTG for 4 hours. The 10% 
-SDS-P AGE electrophoresis method and the eCoomassie brilliant blue staining were used 
to measure the molecular weight of the expression product, and the result was about 80 
kDa, which was basically consistent with the theoretical value. 

Affinity chromatography was performed on the expression product with ADP-Agarose 
affinity chromatography (by Sigma) and the expression product was purified through 
MonoQ (by Pharmacia) anionic chromatography medium. The 10% SDS-PAGE 
electrophoresis method and silver staining (5 /xg of sample in electrophoresis) were used to 
measure the "purity. The purity of the protein was more than 95%. Western analysis was 
then performed on the expressed hsp78 and on its fusion protein, using hsp70 monoclonal 
antibody (by Sigma). 

Example 14 Measurement of the immunogenicity of he hsp78-polypeptide complexes 

The hsp78 was combined with each of the seven polypeptides in vitro into complexes 
under the same optimal reaction system as for the one gp96 (see Example 8), and these 
complexes and the fusion proteins formed by hsp78 and each of the seven polypeptides 
were used to immunize mice. The way of immunization, immunizing dose and 
immunization process were the same as those for gp96 (see Example 10). CTL analysis 
was the same as that for gp96 (See Example 11). The 51 Cr release experiment showed that 
the hsp78-7 peptide complexes stimulated the mice to generate specific cytotoxic T 
lymphocytes, and the immunogenicity of the hsp78-7 peptide complexes was over 150 
times greater than when 7 peptide was administered independently. The use of 0.1 nmol 
(about 10 fig) to immunize a mouse induced a strong cellular immune response from the 
organism, and the measurement of cytotoxicity indicates 60%-85% cleavage of the 
complex in target cells. Experiments showed that the hsp78-7 peptide complexes may be 
further developed into a new drug for the treatment of HBV infection and HBV-infected 
liver cancer. 



Claims 



1. A complex formed between an HBV antigen and heat shock protein gp96 or hsp78. 

2. The said complex in Claim 1 , wherein the nucleic acid sequence of the said HBV antigen 
may be YVNTNMG, YVNVNMG, YVNTNMGLK, S TLPETT V VRR, FLPSDFFPSV, 
IPIPSSWAF, WLSLLVPFV, FLLSLGIHL and/or one of their variants. 

3. The said complex in Claim 1, wherein the heat shock protein was non-covalently bound 
to the HBV antigen, or the heat shock protein was covalently bound to the HBV antigen to 
form fusion protein. 

4. A method for preparing the complexes formed by the HBV antigen and heat shock 
protein gp96 or hsp78. In the method, 0.1-0.15 \i mol/L of gp96 protein reacts with 2.5-3.5 
fx mol/L of HBV antigen for 10-30 minutes at 30-39°C in a low salt buffer solution, whose 
concentration was not greater than 100 mmol/L and which contains 5-10% (v/v) glycerine. 

5. The said method in Claim 4, wherein the reaction temperature was 37°C and the reaction 
time was 15 minutes. 

6. The said method in Claim 4, wherein the concentration of the gp96 protein and the hsp78 
was both 0.12 /x mol/L, and the concentration of HBV antigen was 3.0 \i mol/L. 

7. The use of the said complexes formed between the HBV antigen and the heat shock 
protein gp96 or hsp78 in Claim 1 in preparing therapeutic vaccines for treating hepatitis B 
and the secondary liver cancer associated with hepatitis B. 
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